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Scour development in time at the elliptical guide banks 
during the floods was studied. The dimensions of the upper 
part of the elliptical guide banks, namely the turn and 
length, were calculated by the Latishenko method. The 
length of the lower part of elliptical guide banks was half of 
the calculated upper part. The differential equation of the 
bed sediment movement in clear water is used, and a 
method for calculating the development of depth, width, and 
volume of  scour hole with time during the floods at the head 
of the elliptical guide banks is elaborated and confirmed by 
experimental data. A new method for computing the 
equilibrium depth, width, and volume of a scour hole at the 
elliptical guide banks is presented. A comparison of the 
depth of scour computed after multiple floods with the 
equilibrium depth of scour allows us to estimate the stability 
of the elliptical guide banks during the maintenance period. 
I. INTRODUCTION 
Multiple floods lead to formation of local scour holes at 
bridge piers, abutments, and guide banks. It is important 
to predict the current stage of scour hole parameters at the 
bridge constructions and to estimate its stability after 
multiple floods during the maintenance period or at the 
design stage. The next unexpected flood can be the reason 
for bridge failure and transport infrastructure destruction. 
The local scour at the elliptical guide banks has not yet 
been studied. 
Elliptical guide banks are used to guide the flow and 
sediments in and out the bridge opening, to reduce the 
flow separation at the alignment of the bridge, and to 
remove the scour hole from the abutment and 
embankment. The flow pattern and the scour hole values 
at the abutments and the elliptical guide banks are 
different.  
The concentration of streamlines, a local increase in 
velocity, and the development of a scour hole were 
observed at the upstream head of the elliptical guide 
banks. 
The differential equation of equilibrium of the bed 
sediment movement in clear water is used, and a method 
for calculating the development of depth, width, and 
volume of scour hole with time at the head of the elliptical 
guide banks during the floods is elaborated and confirmed 
by experimental data.  
According to the tests and the method suggested, it was 
found that the scour starts when the floodplain is flooded 
over and usually stops at the peak of the flood. The scour 
development depends on the hydraulics of the flow, the 
river-bed parameters, and the flood duration. At the peak 
of the flood, a scour hole is usually formed. Although the 
scour process can be continued further, it stops, because 
the flood is time-restricted. The time of the scour is 
always less than the duration of the flood. At the next 
flood of the same probability, the scour process does not 
start at the moment when the floodplain is flooded, but at 
the later time step, closer to the peak of the flood. It 
happens because of the scour hole developed in the 
previous flood. The duration of the scour process at the 
second and forthcoming floods is less than that at the 
previous floods. 
By using this method, it is possible to compute the 
current scour hole stage after multiple floods during the 
maintenance period or at the stage of designing the 
elliptical guide banks. 
Based on the method suggested, the “ERoBo” computer 
program was elaborated and used in our calculations. 
A new method for computing the equilibrium depth, 
width, and volume of the scour hole is presented. The 
equilibrium depth, width, and volume of the scour hole are 
achieved when the local velocity calculated at the flood 
peak becomes equal to the velocity at which the sediment 
movement starts. The parameters of a scour hole 
computed after multiple floods can be compared with its 
equilibrium parameters calculated by the equations 
suggested. The risk factor which estimates the stability of 
the elliptical guide banks can be determined as a ratio 
between the depth, width, and volume of the scour hole 
computed in time for a certain stage after several floods 
and the equilibrium scour hole parameters. 
II. EXPERIMENTAL SETUP 
The tests were carried out in a flume 3.5 m wide and 21 
m long.  
Different forms of guide banks were studied by 
Latishenko [1], and he recommended using elliptical 
guide banks as most acceptable in practice. The 
dimensions of the upper part of the elliptical guide bank, 
namely the turn and the length, were calculated according 
to the Latishenko method [1], and they were found to 
depend on the contraction of the flow and the width of the 
main channel. The length of the lower part of the guide 
bank was assumed to be half of the calculated upper part.  
The tests were carried out in the open flow conditions 
for studying the flow distribution between the channel and 
the floodplain.  
The tests with a rigid bed were performed for different 
flow contractions and Froude numbers in order to 
investigate the velocity and the changes in water level in 
the vicinity of the embankment, along it, and near a 
modeled elliptical guide bank.  
The aim of the tests with a sand bed was to study the 
scour processes, the changes in the velocity with time, the 
influence of different hydraulic parameters, the 
contraction rate of the flow, the grain size of the bed 
material, and the scour development in time.  
The openings of the bridge model were 50, 80, 120 and 
200 cm. The contraction rate of the flow Q/Qb (where Q 
was the discharge of the flow and Qb was the discharge of 
the flow in a bridge opening in open-flow conditions) 
varied respectively from 1.56 to 5.69 at a depth of 
floodplain of 7 and 13 cm, and the Froude numbers varied 
from 0.078 to 0.134; the slope of the flume was 0.0012. 
The tests with a sand bed were carried out in the clear-
water conditions. The sand was placed 1 m up and down 
the contraction of the flume. The mean size of grains was 
0.24 and 0.67 mm. The condition that FrR = Frf was 
fulfilled, where FrR and Frf were the Froude numbers for 
the plain river and for the flume, respectively. The tests in 
the flume lasted for 7 hours, the vertical scale was 50 and 
the time scale was 7. With respect to the real conditions, 
the test time was equal to 2 days. This was the mean 
duration of time steps into which the flood hydrograph 
was divided. 
The development of a scour was examined with 
different flow parameters in time intervals within one 7-h 
step and within two steps of the hydrograph, 7 hours each. 
The tests were carried out with one floodplain model 
and one side contraction of the flow and with two equal or 
different floodplain models and two side contractions. The 
position of the main channel was varied for different tests. 
III. METHOD 
The differential equation of equilibrium of the bed 
sediment movement for clear water conditions at the head 
of elliptical guide bank has the form  
sQdt
dW
= , (1) 
where W is a volume of the scour hole; t is a time; and 
Qs is a sediment discharge out of the scour hole. 
In different tests, it was found that the shape of a scour 
hole is not changing and can be found by the equation 
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where m is a steepness of the scour hole; and hs is a 
depth of scour. 
The left-hand part of (1) can be written in the form 
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where a = (3/5)pim2. 
The sediment discharge was determined by the Levi 
formula [2] 
4
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where B = mhs is a width of a scour hole; Vl is a local 
velocity at the head of elliptical guide bank; and A is a 
parameter in the Levi formula [2].  
The sediment discharge upon development of the scour 
is given by 
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where b = AmVl4. 
Taking into account (1), (3) and (5), formula can be 
written in the form 
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After separating and integrating the variables, we have 
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After integration with new variables, x = 1 + hs/2hf, hs = 
2hf(x – 1), and dhs = 2hfdx, we have 
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where N = 1/6xi6 – 1/5xi5; and ti is a time interval. 
Calculating the value of Ni, we find xi and the depth of 
scour at the end of time interval 
α
⋅⋅⋅−= kskmk)1x(fh2sh , (9) 
where km is a coefficient depending on the side-wall 
slope of the guide bank [3]; ks is a coefficient depending 
on the guide bank shape; and k
α
 is a coefficient depending 
on the angle of flow crossing [4].  
To determine the development of scour depth during 
the flood, the hydrograph was divided into time steps with 
duration of 1 or 2 days, and each time step was divided 
into time intervals up to several hours. In the laboratory 
tests, the time steps were divided into 20 time intervals. 
For each time step, the following parameters must be 
determined: depth of water in the floodplain, contraction 
rate of the flow, maximum backwater, grain size, 
thickness of the bed layer with d, and specific weight of 
the bed material. As a result, we have Vl, V0, A, D, Ni, Ni-
1, and hs at the end of time intervals and finally at the end 
the time step. For the next time step, the flow parameters 
changed because of the flood and the scour developed 
during the previous time step. Thus, the depth, width, and 
volume of the scour hole can be computed after several 
floods both at the design stage and during the maintenance 
of bridge crossings.  
Based on the method suggested, the “ERoBo” computer 
program was elaborated and used in our calculations. 
Equation for equilibrium scour depth at the elliptical 
guide banks was elaborated. Scour at the elliptical guide 
banks stops when local velocity becomes equal to the 
velocity at which starts sediment movement. 
The velocity Vlt is decreasing and V0t is increasing with 
development of the scour hole. The scour ceases when Vlt 
becomes equal to βV0t. 
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The equilibrium depth of scour can be determined from 
(10) as follows: 
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where km is a coefficient depending on the side-wall 
slope of the guide bank [3], ks is a coefficient depending 
on the guide bank shape, and k
α
 is a coefficient depending 
on the angle of flow crossing [4]. 
The velocity of sediment movement V0 can be found 
from the Studenitcnikov formula [5]. 
Each flood of the designed probability increases the 
depth, width, and volume of the scour hole until, in 
hundreds of years, the equilibrium depth of scour can be 
reached. 
IV. RESULTS 
The local velocity at the head of guide bank was studied 
in tests with a rigid bed, at different contraction rates, and 
for different Froude numbers of the flow. The local 
velocity was found from the formula: 
hg2
ell
V ∆ϕ= , (12) 
where φel is a velocity coefficient for the elliptical guide 
banks; g is a gravitational acceleration; and ∆h is a 
maximum backwater determined by the Rotenburg 
formula [6]. 
The coefficient φel as a function of the contraction of 
the flow is showed in Figure 1.  
During the scour at the steady flow conditions local 
velocity at the elliptical guide banks is decreasing and can 
be computed by formula 
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Figure 1.  The velocity coefficient φel versus the contraction rate of the 
flow for elliptical guide banks  
Velocity at which starts sediment movement is 
increasing during the scour development and can be found 
by formula 
25.0
fh2
s
h
10Vt0V 







+β= . (14) 
In Fig. 2 is presented local velocity Vlt and velocity V0t 
changes in tests at steady flow conditions.  
Comparison of the experimental and computed data for 
local velocity is presented in Table I. 
The values of the depth of scour development with time 
obtained in tests and calculated by the method presented 
under the steady and unsteady flow conditions are given in 
Figs. 3 and 4. The development of scour depth 
measured in tests and determined by calculations is much 
the same, namely the rapid beginning of the process and 
its gradual reduction with time. 
The development of the depth, width, and volume of 
scour after three floods of the same probability is shown in 
Figs. 5, 6, and 7, respectively. The most rapid 
development of the scour hole was observed in the first 
flood. In the following floods, the scour started later and 
closer to the peak of the flood. The time of scour and the 
rate of scour hole development in time reduced with every 
subsequent flood. 
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Figure 2.  Velocity Vlt and V0t, and scour depth hs changes in tests at 
steady flow conditions 
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Figure 3.  Scour development in time under steady flow conditions at 
the elliptical guide bank in test EL4 
The scour depth at the elliptical guide banks measured 
after 7 and 14 hours in tests and calculated by the method 
suggested is presented in Table II. 
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Figure 4.  Development of scour in time under unsteady flow 
conditions at the elliptical guide bank in test ETL1 
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Figure 5.  Development of scour depth in time within the limits of three 
floods of the same probability at the elliptical guide banks 
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Figure 6.  Development of scour hole width in time within the limits of 
three floods of the same probability at the elliptical guide banks 
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Figure 7.  Development of scour hole volume in time within the limits 
of three floods of the same probability at the elliptical guide banks 
 
TABLE I.   
COMPARISON BETWEEN THE EXPERIMENTAL AND CALCULATED DATA 
FOR LOCAL VELOCITIES AT THE ELLIPTICAL GUIDE BANKS 
Test Q/Qb 
∆h 
 
(cm) 
Vl.test 
 
(cm/s) 
Vl.calc 
 
(cm/s) 
test.Vl
calc.lV
 
 
EL1 5.27 2.220 39.1 36.2 1.080 
EL2 5.69 3.620 46.4 46.8 0.991 
EL3 5.55 3.950 49.7 52.1 0.954 
EL4 3.66 1.189 36.9 35.1 1.051 
EL5 3.87 1.795 44.0 45.2 0.973 
EL6 3.78 2.350 51.0 53.9 0.946 
EL7 2.60 0.557 28.4 26.7 1.064 
EL8 2.69 0.993 37.8 37.5 1.008 
EL9 2.65 1.280 43.0 51.2 0.840 
EL10 1.56 0.380 23.9 22.3 1.072 
EL11 1.66 0.455 26.1 23.0 1.135 
EL12 1.67 0.530 28.2 30.7 0.919 
EL13 4.05 1.420 38.2 32.5 1.177 
EL14 3.99 1.800 43.4 37.5 1.157 
EL15 4.05 2.700 52.7 49.4 1.067 
EL16 3.66 1.189 36.9 35.1 1.051 
EL17 3.87 1.795 44.0 45.2 0.973 
EL18 3.78 2.350 51.0 53.9 0.946 
EL19a 4.46 1.476 36.5 33.0 1.106 
EL19b 3.21 0.769 31.4 28.3 1.110 
EL20a 4.47 1.795 40.8 40.8 1.000 
EL20b 3.24 0.950 34.8 34.4 1.012 
 
 V. CONCLUSIONS 
The differential equation of equilibrium of the bed 
sediment movement in clear water was used, and a 
method for calculating the development of depth, width, 
and volume of scour hole with time at the head of the 
elliptical guide banks during the floods was elaborated 
and confirmed by experimental data.  
By using this method, it is possible to compute the 
current scour hole stage after multiple floods during the 
maintenance period or at the stage of designing the 
elliptical guide banks. 
A new method for computing the equilibrium depth, 
width, and volume of the scour hole was presented. The 
equilibrium depth, width, and volume of the scour hole 
were achieved when the local velocity calculated at the 
flood peak became equal to the velocity at which the 
sediment movement starts.  
The parameters of a scour hole computed after multiple 
floods can be compared with its equilibrium parameters 
calculated by the equations suggested.  
Based on the method suggested, the “ERoBo” computer 
program was elaborated and used in our calculations. 
The risk factor which estimates the stability of the 
elliptical guide banks can be determined as a ratio 
between the depth, width, and volume of the scour hole 
computed in time for a certain stage after several floods 
and the equilibrium scour hole parameters. 
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TABLE II.   
COMPARISON BETWEEN THE EXPERIMENTAL AND CALCULATED DEPTH 
OF SCOUR AT THE ELLIPTICAL GUIDE BANKS 
Test 
lb 
 
(cm) 
Q/Qb 
hf 
 
(cm) 
d 
 
(mm) 
t 
 
(h) 
hs.test 
 
(cm) 
hs.calc 
 
(cm) 
test.sh
calc.sh
 
EL1 50 5.27 7 0.24 7 9.40 9.20 1.022 
EL2 50 5.69 7 0.24 7 12.20 11.90 1.025 
EL3 50 5.55 7 0.24 7 14.30 13.00 1.100 
EL4 80 3.66 7 0.24 7 7.60 8.40 0.905 
EL5 80 3.87 7 0.24 7 11.00 11.00 1.000 
EL6 80 3.78 7 0.24 7 14.00 13.51 1.036 
EL7 120 2.60 7 0.24 7 5.20 5.00 1.040 
EL8 120 2.69 7 0.24 7 8.30 8.80 0.943 
EL9 120 2.65 7 0.24 7 11.50 10.70 1.075 
EL10 200 1.56 7 0.24 7 2.40 3.00 0.800 
EL11 200 1.66 7 0.24 7 3.70 4.11 0.900 
EL12 200 1.67 7 0.24 7 4.70 4.90 0.959 
EL13 80 4.05 13 0.67 7 6.40 6.80 0.941 
EL14 80 3.99 13 0.67 7 9.10 9.60 0.948 
EL15 80 4.05 13 0.67 7 14.00 14.20 0.986 
EL16 80 3.66 7 0.67 7 6.10 5.60 1.089 
EL17 80 3.87 7 0.67 7 8.40 8.20 1.024 
EL18 80 3.78 7 0.67 7 12.20 10.50 1.162 
EL19a 80 4.46 7 0.24 7 6.20 6.30 0.984 
EL19b 80 3.21 7 0.24 7 6.40 7.30 0.877 
EL20a 80 4.47 7 0.24 7 8.70 9.70 0.897 
EL20b 80 3.24 7 0.24 7 8.20 7.60 1.079 
ETL1 80 3.66 7 0.24     
 80 4.05 13 0.24 14 10.70 11.41 0.938 
ETL2 80 3.87 7 0.24     
 80 3.99 13 0.24 14 13.70 14.80 0.926 
ETL3 80 3.77 7 0.24     
 80 4.05 13 0.24 14 20.30 18.86 1.076 
 
